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INTRODUCTION 

Location of the Area 

This investigation deals with approximately 20 square miles 

in townships 10 and 11 south and range 9 east (Plate I). The 

area is rectangular, 6 miles east-west and 3 3/4 miles north- 

south, and lies astride the boundary between Riley County and 

Wabaunsee County, Kansas. Zeandale, 8 miles east of Manhattan, 

is on the northern boundary of the area at a point 2 miles east 

of the western boundary. 

Geologic Setting 

The area covered by this investigation lies within the Flint 

Hills section of the Central Lowlands physiographic province. 

The cuestas, typical of Flint Hills topography, are well developed 

on resistant limestones of early Permian age which form the bluffs 

bounding the area on the west and south. A few outliers and 

extensions of these bluffs occur within the area investigated but, 

for the most part, the topography consists of gently rolling hills 

lying 150 to 2S0 feet below the Permian bluffs. Unconsolidated 

Pleistocene silt, sand, gravel and boulder deposits conceal 

Paleozoic bedrock in much of the area. However, drainage is well 

developed, and, although recent alluvial and terrace deposits 

blanket the valley floors, Pennsylvanian sedimentary rocks are 

exposed in the valley walls of Deep and Emmons creeks and their 

tributaries. 



EXPLANATION OF PLATE I 

A map of Kansas showing the area covered 
by this investigation. 
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The area covered by this investigation lies astride the 

axis of the Nemaha anticline. The Nemaha anticline trends 

north-northeast across the area and separates the Forest City 

basin, on the east, from the Salina basin, on the west. 

Review of the Literature 

The existence of the Nemaha anticline was unknown in 1915. 

Dr. Erasmus Haworth, then Kansas state geologist, expressed con- 

siderable doubt as to the accuracy of the drillers records and 

their determination of the well cuttings as granite in all of the 

wells that had been drilled along the Nemaha anticline. Two 

wells that had been drilled in the area covered by this investiga- 

tion received his most careful attention. Dr. Haworth visited the 

Cain Bloom Zeandale wells and personally collected samples of the 

cuttings (Table 1). He made a careful study of these samples* 

including thin section inspection and chemical analysis of the 

granite. Dr. W. H. Twenhofel examined samples from the over- 

lying shale and found it to be ordinary, unmetamorphosed, light- 

blue shale containing numerous gastropod fragments. Dr. Haworth 

concluded that the rock in question was quite possibly a, "modi- 

fied form of hard sandstone with unusually large amounts of 

feldspar present," because no evidence of metamorphism of the 

overlying shale, chilling of the border zone of the granite, or 

inclusion of granitic fragments in the overlying sedimentary rock 

was found. Dr. Haworth stated that the composition and appearance 

of the rock was granitic but he thought it was probably not a 

granite because it occured relatively near the surface (Haworth, 



Table 1. Published data on wells drilled in the area covered by this investigation. 

Company 
Farm 

Year : Total : Depth to : Elevation of 
: Location : Completed :Elevation Depth Precambrian : Precambrian 

NWe SWI 
Cain Bloom1 28-10-9 
No. 1 Zeandale 

SW NW2 
28-10-9 

Cain Bloom NW NW NE1 
No. 2 Zeandale 28 -10 -9 

SW NE 1 ' 3 

Parker Oil Co. 28-10-9 
No. 1 Bardwell 

NW 2 6 NW 
28-1O-9 

Parker Oil Co. Nft 
1,7 

No. 2 Bardwell 28-10-9 

Empire Oil & Gas1 SWNE 1.7 
No. 1 Root 1-11-9 

19141 1007? 5 10201 9281 

19151 10075 

...mepar 

1915?1'7 

19171 wsmw* 

1020 
1 

10931'6 

10931,7 

18951 

- --S 

91451 

492,5, 

- 13 5,6 

2 6 + 3.55 * 

9584 566 :7 

11804 282'3' 7 

1 Jewett (1954) 
2 Koons (1955) 

Kotyantz (1956) 
Moore and Ha (1917) 
Nelson 11952 

6 Rieb (1954) . 

7 Smith and Anders (1951) 
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1915). 

Moore and Haynes (1917) also studied the samples collected 

by Dr. Haworth and definitely identified them as granite not of 

intrusive origin. Information from these and other early wells 

was instrumental in the development, by Moore and Haynes, of the 

"buried Nemaha mountains" hypothesis. 

Jewett (1941) referred to the relatively steep westward dip 

of the lower Permian strata which crops out in the Flint Hills 

west of Zeandale and stated, "the rocks there lie on the west 

limb of the Deep creek fold." Jewett explained that the Deep 

creek fold was a structural dome or anticline on which the valley 

of Deep creek was superposed and was, 

....nearly in superposition on the buried Nemaha 
Mountains and is a part of the anticlinal structure 
that crosses the state above the buried mountains. 

Mudge (1949) applied the name "Salina Dome" and stated, 

"the dome is the result of supratenuous folding over the buried 

Nemaha ridge." 

Jewett (1951) in his publication entitled "Geologic Structures 

of Kansas", did not list Zeandale Dome, Salina Dome or Deep Creek 

Fold. 

Nelson (1952) appears to have been the first to apply the 

name Zeandale dome when he stated that the Zeandale dome was 

located on the Nemaha ridge and was believed to be due to cross 

faulting. 

Rieb (1954) stated that the Zeandale dome was faulted on the 

west flank. The fault mapped by Rieb was in the same position as 



7 

the one inferred by Koons (1955) along the east flank of the 

Nemaha anticline. 

Koons (1955) listed the Zeandale "anticline" as a "major 

structure previously mentioned in the geologic literature of 

Kansas" and stated that it, 

....appears as a northwest southeast elongated 
dome with a closure of about 600 feet. The dome 
was originally elongated parallel to the Nemaha 
fault, but a short fault cuts the northern half 
giving an appearance of elongation in a north- 
west-southeast direction. 

Lee (1956) showed a structural and stratigraphic anomaly 

in the area covered by this investigation. Lee's Plate 6, a 

pre-Pennsylvanian areal geologic map, showed a granite dome 

against which the Paleozoic rocks had been turned up and eroded. 

Leo's Plate 7 entitled "Thickness of pre-Kansas City Pennsylvanian 

rocks" showed thinning around a local dome in this area. Lee made 

no mention of this dome as separate from the Nemaha anticline. 

Farquhar (1957) showed a structural high in this area on his 

contour of the Precambrian surface but made no mention of it as a 

separate structure. 

Bruton (1958) applied the name Zeandale dome to the surface 

structure south of Zeandale on which the valley of Deep Creek was 

superposed. 

The name Zeandale dome has been used in recent Kansas State 

College Masters theses in reference to both the surface and sub- 

surface expression of the structural anomaly in the area covered 

by this investigation. That usage will be continued in this thesis. 



Statement of the Problem 

Subsurface studios by Farquhar (1957), Lee (1956), Koons 

(1955), Rieb (1954), and Nelson (1955) have indicated the 

presence of a structural or topographic anomaly on the Pre- 

cambrian floor underlying southeast Riley County and northwest 
Wabaunsee County which has been interpreted as a granite dome. 
A closure of 600 feet has been reported for this dome and, within 
the area of this investigation, a difference in relief on the 

granite surface of 163 feet within mile. About 1000 feet of 
sediments overlie the granite in the area under consideration. 

The purpose of this investigation is, (1) to discover if 

there is, in a 20 square mile area containing exposed sedimentary 
rocks about 1000 feet above the granite floor, any indication of 

subsurface structure at the surface, (2) to map and discuss in 
detail any surface structure encountered, and (3) to determine 
the origin of this structure by combining available subsurface 
and surface data. 

MAPPING PROCEDURE 

The field investigation was conducted in the fall and early 
winter of 1958. U.S.G.S. 7.5 minute topographic quadrangles, 
scale 1:24,000, served as the base map. 

As initially conceived the purpose of this investigation was 
to discover any surface evidence of the Zeandale dome and to 

select and map in detail an area enclosing the apex of the dome. 
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Geologic investigations by Named and Chelikowsky (1945), 

Mudge (1949, Ratcliff (1957) and others, were consulted in an 

attempt to define the axis of the Nomaha anticline and the 

location of the Zeandale dome. A Feneral reconnaissance was con- 

ducted between Uanhattan, Kansas and Wamego, Kansas and north of 

U. S. 40 to K-24. Formations exposed in this area were identified 

and geologic sections were measured. A Paulin altimeter survey 

was made of the exposures of the Tarkio limestone and a structural 

contour map was constructed which depicted the general attitude of 

the surface rocks. The portion of the primary reconnaissance area 

selected to be considered in detail should reveal surface expres- 

sion of the Zeandale dome because, (1) elevations determined with 

the Paulin altimeter on the Tarkio limestone delineated a domal 

structure in the area selected, (2) the contour of the granite 

surface as reported by previous investigators exhibited a domal 

structure in the area, (3) sedimentary rock exposures were exten- 

sive. Geomorphic, stratigraphic, and structural evidence of the 

buried dome was expected. 

Geologic sections were measured to determine, (1) the nature 

and sequence of the outcropping formations, (2) the thickness of 

the exposed stratigraphic section, and (3) any relationship between 

the character and distribution of the sedimentary rocks and the 

buried dome. 

The Willard shale, a thick unit in the outcropping strati- 

graphic section, was easily identified and fully exposed in wide- 

spread locations within the area. Thickness of the Willard shale 
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was measured in various locations in an attempt to determine any 

thickening or thinnira; trends related to The Zeandale dome. No 

other shale unit was well enough exposed to permit widespread 

thickness determination within the area. The structural attitude 

of the top of the Tarkio limestone should reveal the surface 

expression of the Zeandale dome because it has a large outcrop 

area and is easily identified. 

Plane table traverses, originating from U.S.G.S. benchmarks, 

were planned to cover the outcrop area of the Tarkio limestone, 

and the outcrops of younger formations which could be identified, 

and to traverse the Zeandale dome in an east-west and a north.- 

south direction. The upland deposits of unconsolidated silt, 

sand, gravel, and boulders between Deep and Emmons creeks conceal 

the sedimentary bedrock and the elevation of the Tarkio limestone 

could not be determined. Extensive areas blanketed by glacio- 

fluvial and alluvial material were also found in Deep Creek valley 

and isolated, poorly exposed, outcrops could not be identified 

with certainty. Areas of inadequate control are indicated on the 

structural contour map (Plate IX in appendix) by dashed contour 

lines. 

In the western part of the area the Tarkio limestone dips 

under the Permian hills and is concealed by younger formations. 

Elevations were recorded on top of the Five Point, Caneyville, 

and Grandhaven limestones. The straticraphic intervals from the 

top of the Five Point limestone to the top of the Grandhaven lime- 

stone and from the top of tho Grandhaven limestone to the top of 
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the Tarkio limestone were measured approximately along the strike 

of the rocks (Measured Sections 2 and 9). The interval from the 

top of the Caneyville limestone to the top of the Grandhaven 

limestone was computed by adding the average thickness of the 

Caneyville limestone, French Creek shale, Jim Creek limestone, 

and Friedrich shale. The appropriate stratigraphic interval was 

subtracted from the elevations recorded on the top of the Five 

Point limestone, Caneyville limestone, and Grandhaven limestone, 

and the elevation of the top of the Tarkio limestone was deter- 

mined. 

A structural contour map (Plate IX in appendix) was prepared 

on the top of the Tarkio limestone from the data thus obtained. 

A 10 foot contour interval was selected because it was believed 

that possible errors in elevation, not exceeding 5 feet, would 

have negligible effect and the structure would be accurately 

depicted. 

Formation contacts were drawn on the base map and plane 

table sheets in the field, and a geologic map (Plate VIII in 

appendix) was constructed by extending and connecting these 

contacts along prominent breaks in slope. The geologic map was 

designed to show the first recognizable sediment to be encounter- 

ed in a well drilled in any particular location. Previous geo- 

logic maps of Riley County by Jewett (1941), Mudge (1949), and 

Beck (1949) were consulted. 

The geologic and structural maps were converted to a 

1112,000 scale and combined to produce a geologic cross section 
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(Plate X in appendix). Topography on the cross section was taken 

from the base map and enlarged with a pantograph. 

STRATIGRAPHY 

The stratigraphic units which crop out in this area are all 

of sedimentary origin and range in age from Pennsylvanian to 

Quaternary. The oldest rock unit represented is the Auburn shale 

of the upper i'ennsylvania system and the youngest is the Foraker 

limestone of the lower Permian system. 

Pennsylvanian System 

The Pennsylvanian system consists of, in descending order, 

the Virgilian, Desmoinesian, Atokan, and the Morrowan series. 

The Virgilian series consists of, in descending order, the 

Wabaunsee, Douglas and Shawnee groups. Only the upper part of 

the Wabaunsee group outcrops in this area. 

Wabaunsee Group. The wabaunsee group consists of, in de- 

cending order, the Richardson, Nemaha, and Sacfox subgroups. 

The lower part of the Nemaha subgroup and the Sacfox subgroup 

do not crop out in this area but are present in the subsurface. 

Exposed Pennsylvanian strata is chiefly non-fossiliferous, green 

or brown shale which weathers lighter in color. Relatively thin 

but persistent limestones are numerous and are abundantly fossil- 

iferous with fusulinids predominating. 

Nemaha Subgroup. This is the middle subgroup of the Wabaun- 

see group and consists of strata between the top of the Tarkio 



EXPLANATION OF PLATE II 

Generalized stratigraphie column of 
southeast Riley County and northwest 
Wabaunsee County, Kansas, 
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limestone and the base of the Burlingame limestone (Moore et al, 

1951). Only that part of the Nemaha subgroup which lies above 

the vakarusa limestone is exposed in this area. 

Auburn Shale. The upper few feet of the Auburn shale are 

exposed along the south bank of Deep Creek near the Riley- 

Wabaunsee County line. In this area, it is a gray, non- fossil- 

iferous shale and is recognized by its stratigraphic position 

below the Reading limestone. 

Reading Limestone. The Reading limestone is exposed in the 

beds of tributaries to Deep Creek in the northeast part of this 

area and is recognized by its stratigraphic position below the 

Elmont limestone. It is a hard, gray, fossiliferous limestone 

about two feet thick. 

Harveyville Shale. The Harveyville shale is a gray-green, 

non-fossiliferous, locally arenaceous shale about 18 feet thick. 

It is recognized by its stratigraphic position below the Elmont 

limestone and above the Reading limestone. The upper few feet 

are usually exposed wherever the Elmont limestone crops out. 

Elmont Limestone. The Elmont limestone crops out extensive- 

ly in the northeast part of this area. A good exposure is found 

in the bed of Deep Creek at Pillsbury Crossing (Plate III). This 

limestone is blue-gray, hard, and weathers to large* reddish.. 

brown, rectangular blocks. The Elmont limestone is easily recog- 

nized by its massiveness, characteristic weathering, and strati- 

graphic position below the Tarkio limestone. 

Tarkio Limestone. The Tarkio limestone crops out extensively 



EXPLANATION OF PLATE III 

Fig. 1. Photograph of the northwest bank of 
Deep Creek at Pillsbury Crossing (NEL 

N4-11-, Sec. 5, T. 11 S., R. 9E.) 

showing the outcrop of the Elmont 
limestone in the stream bed with the 
Willard shale and Tarkio limestone above. 

Fig. 2. Closeup of the Tarkio limestone outcrop 
on the north side of a road cut in the 

SEi, SWi, Sec. 36, T. 10 S., R. 9 E. 
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east of Deep Creek. One partial exposure is found in the west 

bank of Deep Creek in the SVii, SW, Neva, Sec. 5, T. 11 S., R. 

9 E. about I mile southwest of Pillsbury Crossing (Plate VIII 

in appendix). One outcrop on the west bank of Deep Creek at 

Pillsbury Crossing (Plate VIII in appendix) can be traced north 

to a point (NEk, NWi, SEi, Sec. 29, T. 10 S., R. 9 E.) I's mile 

southwest of Zeandale. The Tarkio limestone is composed of two 

thick limestones sometimes separated by a shale. The lower 

limestone is gray-orange to gray-brown and weathers chocolate 

brown. It is hard and dense, and numerous orange limonite 

specks are evident on fresh surfaces. Except for a two to three 

foot thick massive zone at the top this limestone is abundantly 

fossiliferous. Large, light colored, fusulinids, more resistant 

than the limestone matrix, predominate and stand out in bold 

relief. This limestone unit forms the bench characteristic of 

the Tarkio limestone in the northeast part of this area. 

The shale parting, when present, is tan to gray-green and 

contains calcareous nodules. 

The upper limestone is gray, and weathers light gray. It is 

hard, weathers to irregular, rounded slabs, and contains abundant 

fusulinids. The fusulinids weather at about the same rate as the 

limestone matrix and tend to become sectioned so that their con- 

volutions are evident. This limestone is exposed less conspic- 

uously above the more resistant lower limestone. It is generally 

beveled back to a colluvial slope. In field mapping the highest 

limestone outcrop above the lower limestone and below the Pierson 
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Point shale, soil, or Quaternary cover has been interpreted as 

the top of the Tarkio limestone. 

The Tarkio limestone is easily recognized by its relatively 

great, uniform thickness, abundance of fusulinids, and prominent 

bench. The average thickness in this area is about 13 feet. 

Richardson Subgroup. The Richardson is the upper subgroup 

of the Wabaunsee group. It includes the strata between the top 

of the Tarkio limestone and the disconformity at the base of the 

Permian system. 

Pierson Point Shale. The Pierson Point is a blue-gray to 

tan, non-fossiliferous shale about 15 feet thick, and is recog,- 

nized by its stratigraphic position above the Tarkio limestone. 

It is usually exposed where the Tarkio limestone is found part 

way down a hill side. 

Maple Hill Limestone. In this area the Maple Hill limestone 

is gray to brown, weathers brown, and contains fusulinids, crin- 

olds, and fossil fragments in abundance. It is only about one 

foot thick and does not make a prominent outcrop. It is recog- 

nized in the NEI, SWis Ndi, Sec. 9, T. 11 S., R. 9 E. by its 

stratigraphic position between the non+fossiliferous Pierson Point 

and Langdon shales. 

Langdon Shale. The Langdon shale is generally covered in 

this area but it is exposed in a road cut in the SW1, S 

Sec. 27, T. 10 S., R. 9 E,. It is a gray green non-fossil.. 

iferous shale about nine feet thick and is recognized by its 

stratigraphic position below the Dover limestone. 
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Dover Limestone. The Dover limestone is found capping 

Small knolls in Deep Creek valley in the Riley County portion 

of the area and in the extreme southeast corner of the Wabaunsee 

County portion. Where present it usually forms the first recog- 

nizable bench, or caps the hill, above the Tarkio limestone. 

The Dover limestone is gray, massive, contains numerous fusulin- 

ids, and is about three feet thick.. 

Dry Shale. The Dry shale is not well exposed in this area. 

It is a non -fossiliferous, gray, shale about 11 feet thick and is 

recognized by its stratigraphic position between the Grandhaven 

and Dover limestones. 

Grandhaven Limestone. The Grandhaven limestone caps low 

hills in the south and west portion of this area, and is recog- 

nized by its strati stratigraphic position above the Dover and Tarkio 

limestones. It is a light gray to brown limestone and generally 

weathers to a brown, irregular upper surface. An upper soft 

limestone and shale unit described in Measured Section t is 

usually weathered away in hill top exposures. Average outcrop 

thickness is about two feet. 

Friedrich Shale. The Friedrich shale is not well exposed 

in this area. It is a green to yellow, non-fossiliferous shale 

about 10 feet thick and is recognized by its stratigraphic 

position above the Grandhaven limestone. 

Jim Creek Limestone. Outcrop of the Jim Creek limestone 

is restricted to the southern portion of this area. It is a 

purplish-gray, herd, dense, fossiliferous limestone about one 
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foot thick. 

French Creek Shale. The French Creek shale does not crop 

out extensively in this area. It is a gray to tan, non-fossil- 

iferous shale overlying the Jim Creek limestone. Thickness is 

about 20 feet. 

Caneyville Limestone. i,loore et al (1951) included the 

upper Drayhorse limestone member, a separating shale, and the 

lower Nebraska City limestone member in the Caneyville forma- 

tion. In this area the members are not distinguished. The 

Caneyville consists of a limestone about two feet thick under- 

lain by about seven feet of shale. The limestone is hard, tan, 

massive, and contains abundant fossil fragments. The shale is 

gray to tan and contains a few brachiopods. Total thickness of 

the Caneyville formation is about nine feet. 

Pony Creek Shale. Only the lower few feet of the Pony 

Creek shale is exposed in this area. It is a tan shale about 

seven feet thick. 

Brownville Limestone. The outcrop of the Brownville lime- 

stone is limited in this area and where present it is mostly 

covered and not prominent. The Brownville limestone is tan and 

weathers gray. It is fossiliferous and about two feet thick. 

Permian System 

The Permian system consists of, in descending order, the 

Guadalupian, the Leonardian, and the Wolfcampian series. The 

Wolfcampian series consists of, in descending order, the Chase, 
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Council Grove, and Admire groups. Only the Admire group and the 

lowermost member of the Council Grove group are present in this 

area. 

Admire Group. The Admire is the lower group of the Wolf- 

campian series and includes the strata overlying the discon- 

formity at the base of the Permian system and underlying the 

Foraker limestone. 

Towle Shale. In this area the Towle formation consists of 

an unnamed upper shale member and the lower Indian Cave sandstone 

member. 

Indian Cave Sandstone. The Indian Cave sandstone is a 

channel deposit representing the disconformity at the base of 

the Permian system. In this area the Indian Cave sandstone has 

been found unconformably overlying the Grandhaven and Dover 1Lae- 

stones. Its stratigraphic thickness range is 40 to 60 feet. The 

maximum exposed thickness is about L.2 feet (Measured Section 6). 

The Indian Cave is a brown, poorly cemented, cross bedded, quartz- 

mica sandstone. It is recognized by its distinctive lithology 

and its nonconformable position in contact with older units. 

Unnamed Shale. In the N4;, ma, NW*, Sec. 31, T. 10 S., 

R. 9 E. the Indian Cave sandstone is not present and the rock 

between the Aspinwall limestone is a brown shale about seven feet 

thick. This shale is believed,to represent the Towle formation. 

Aspinwall Limestone. The Aspinwall limestone does not make 

a prominent outcrop in this area but is exposed near the north- 

west and south-central boundaries. It is a hard, gray, 



fossiliferous, limestone about two feet thick. 

Hawxby Shale. The Hawxby shale is well exposed in the south- 

eastern part of this area in road cuts along the southern bound- 

ary. It is a tan, non-fossiliferous shale with numerous thin, 

fossiliferous limestone lenses. The Hawxby shale is about 25 

feet thick. 

Falls City Limestone. The Falls City limestone does not 

make a distinctive outcrop in this area. It is present in the 

south - central and northwest portions of the area and is a tan, 

porous limestone about four feet thick. It is soft and weathers 

to gray, rounded pieces. 

West Branch Shale, The outcrop of the Nest Branch shale 

is limited to the south-central and northwest portion of the 

area. It is gray to green, non-fossiliferous shale about 20 

feet thick. 

Five Point Limestone. The Five Point limestone usually 

forms the lowest recognizable bench in the Permian rocks in this 

area. The lower part is hard, gray, massive, and fossiliferous 

but the upper one to two feet is, in places, platy and argil- 

laceous. The total thickness of this limestone is about five 

feet. 

Hamlin Shale. The Hamlin shale is present near the top of 

Tabor dill (sEL sElo NE g, Sec. 9, T. 11 S., R. 9 E., Plate 

VIII) and in the northwest part of the area but it is mostly 

covered. The lower few feet are green shale. The total thick- 

ness, interpreted as the interval between the Americus limestone 
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and the Five Point limestone, is about 40 feet. 

Council Grove Group. The Council Grove is the middle group 

of the 'holfcampian series and includes the strata overlying the 

Hamlin shale and underlying the Threemile limestone. 

Foraker Limestone. The Foraker limestone is the lowermost 

formation of the Council Grove group. It includes, in descend- 

ing order, the Long Creek limestone, Hughes Creek shale, and 

Americus limestone members. The Americus limestone is the only 

member of the Foraker formation exposed in this area. 

Americus Limestone. The Americus limestone caps Tabor Hill 

(Plate VIII in appendix) and is also found along the northwest 

boundary of this area. It is about three feet thick and consists 

of two blue-gray, hard, fossiliferous limestones separated by a 

shale. The upper limestone and shale is mostly weathered away in 

this area. 

Quaternary System 

Pleistocene Series. The Pleistocene series is represented 

in this area by alluvium, terrace deposits, glacio-fluvial 

material, and one deposit tentatively identified as glacial till. 

Glacial Till. A concentration of large quartzite boulders 

indicates that a deposit of glacial till is present in the north- 

east corner of this area. This deposit is tentatively identified 

as Kansas till because the Kansas glacier is the only one 

reported to have penetrated this far south ;Frye and Leonard, 

1952). This till was so identified by Heck (1949). 
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Glacio-fluvial Material. Unconeolidated, sand, silt, and 

ravel carried by glacial melt-water streams ht,:a been extensively 

deposited. in this area. .Deposits may ee found on most of the up- 

lands. 

Terrace Deposits. Terrace depoeits are present along the 

valleys of Deep and. Emeons creeks. They consist of stream 

deposited silt, sand, and cravel, aid are recoenized by promi- 

nent breaks in slope on the valley floors. 

Alluvium. The valleys of Deep and Emmons creeks are 

generally deeply filled pith recent alluvial deposits of sand, 

silt, and eravel. 

GEOLOGIC HISTORY 

Surface geology records only a brief portion of the geo- 

logic history of this aroe because the strecturel att:tude 

the rocks is nearly horizontal and topographic relief is low. 

subsurface data is also limited. This description of the geo- 

logic history of the area investigated is based on the regional 

geologic history as interpreted by Lee (1956) and Farquhar (1957) 

supplemented by the available eurface and subsurface data. 

Paleozoic Lra 

The Paleozoic was an era of deposition, warping and foldine, 

and erosion in this region. Several widespread periods of warp- 

ing occured and each was followed by erosion te a relatively flat 

surface. The principal periods of warplav and foldiee were, (1) 
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during the deposition of the lower Ordovician Arbuckle group, 

(2) during the interval between the deposition of the middle 

Ordovician Simpson group and the Mississippian period, and (3) 

in the interval beginning in the Mississippian period and 

continuing into the Permian period. 

Pre-Missourian post-Devonian uplift, associated with the 

formation of the Nemaha anticline, and subsequent erosion, 

caused granite to be exposed in the area covered by this investi- 

gation during part of Missourian time. Pennsylvanian seas en- 

croached upon the Nemaha anticline and, by the end of Missourian 

time, this area was submerged and marine sediments covered the 

Precambrian granite. The frequent alternation of limestone and 

shale, and the gastropod fragments in drill cuttings reported in 

drillers records (Moore and Haypes, 1917) indicate that the 

depth of water was never very great in this area and minor fluc- 

tuations were common. Coal. and "redrock" reported may indicate 

brief emergence of this area in Missourian or Virgilian time. 

As the. Pennsylvanian sea retreated this area became part of an 

extensive land area. Valleys 60 feet or more deep were cut in 

the relatively flat surface left by the retreating sea. These 

valleys were filled with fluvial and littoral marine sands as 

the Permian sea advanced. By early Wolfcampian time the area 

was again submerged and probably remained covered by shallow 

water during most of the remaining part of the Paleozoic era. 

Mesozoic Era 

The Mesozoic was predominantly an era of erosion and 
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regional tilting to the west. The Paleozoic seas had retreated 

and this area was exposed to erosion which removed most of the 

Permian sediments. Cretaceous tilting imparted a slight west- 

ward dip to the Paleozoic rocks. 

Cenozoic Era 

In this region the Cenozoic was primarily an era of erosion. 

All sedimentary rocks youn-er than Permian in the area covered 

by this investigation were stripped away by erosion during the 

Tertiary period. During the Pleistocene epoch of the Quaternary 

period two ice sheets extended into Kansas. A lobe of the 

Kansas glacier extended into the area of this investigation. 

Glacial till was deposited in the northeast corner and deposits 

by glacial melt-water streams and lakes covered the area. In 

recent times the post Kansan surface has been eroded by the 

Kansas River and its tributaries. Paleozoic bedrock has been 

exposed in many places and intermittent lowering of base level 

has caused Deep and Emmons creeks to erode topographic terraces 

in the alluvial filling of their valleys. At the present, 

alluvial material derived from weathered Paleozoic rock and 

Pleistocene deposits is accumulating in stream valleys in the 

area. 

STRUCTURE 

Regional Structures 

Three regional structures, the Nemaha Anticline, the Salina 
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Basin, and the Forest City basin, are near this area. 

The Nemaha anticline extends northeast across Kansas 

through Nemaha and Sumner counties, and extends into Nebraska 

and Oklahoma. It is a broad arch, steeper on the east limb, 

and somewhat narrower on its southern extension. The Burns 

Dome, lamdale Anticline, Diamond Creek krovince, Cottonwood 

Province, and the Zeandale Dome are local anticlinal structures 

along the axis of the larger Nemaha anticline. The crest of the 

Zeandale Dome is the highest point on the axis of the Nemaha_ 

anticline in the area covered by this investigation. 

The Forest City basin, on the east, and the Salina basin, 

on the west, were formed by the division of the older North 

Kansas Basin by the uplift of the Nemaha anticline. Numerous 

northeast trending anticlinal structures were formed in the 

basins during post Mississippian deformation. The two major 

anticlines near this area are the Abilene Anticline in the 

Salina basin, about 35 miles northwest, and the Alma Anticline 

in the Forest City basin, about 20 miles southeast. 

Local Structure 

Seven normal faults located one to five miles southwest of 

this area have been mapped bz Mudge (1949) and Bruton (1953). 

These faults strike northeast and maximum displacement is 25 

feet. A fault within the area of this investigation was men- 

tioned by Mudge (1949), 
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....a small overthrust fault, discovered by 
Neff (1949), affecting the Tarkio limestone 
as it is exposed in a stream cut in the SEi, 
SWi, NWL Sec. 5, T. 11 S., R. 9 E.. 

Neff (1949) stated, 

....one fault was found in the Elmont shale, 
SWi, Sec. 6, T. 11 S., R. 9 E. and is located 
on the west bank of Deep Creek. 

An extensive search of the above locations was made but no 

positive evidence of displacement was found there or elsewhere 

within the area. 

The surface crest of the Zeandale dome is near the center 

of the area covered by this investigation in the south half of 

See. 34, T. 10 S., R. 9 E., (Plate VIII in appendix). The area 

mapped covers only the structurally higher portion of the dome. 

Pronounced elongation is not apparent in this area but the west 

flank is noticeably steeper than the east. Within the area 

mapped the Zeandale dome is nearly symmetrical along a north7 

south axis but slightly asymmetrical along its east-west axis. 

Plate VII and plates IX and X (in appendix) show the asymmetrical 

nature of the dome. Closure in the area covered by this investi- 

gation is about 40 feet, but maximum closure on the Zeandale dome 

is probably somewhat greater. Dip of the Tarkio limestone from 

the crest of the dome to the borders of the area averages 45 foot 

per mile to the west, 20 feet per mile to the east, and 25 feet 

per mile to the north and south. The steepest dip in the area is 

140 to 160 feet per mile on the southwest flank of the dome in 

Sec. 6, T. 11 S., R. 9 E,. 



EXPLANATION OF PLATE IV 

Regional and local structures. 

1. Zeandale Dome 
2. Abilene Anticline 
3. Alma 

Nemaha Anticline 
5. Forest City Basin 
b. Salina Basin 
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Drainage of the area is partially controlled by the 

structure of the Zeandale dome. Deep and Emmons creeks 

circumfluent the dome except on the south flank and are 

generally at about the same level in relation to the Tarkio 

limestone. Both Deep and 1.mmons creeks flow updip on the dome 

in the south part of the area. Most of their major tributaries 

flow down dip on the dome and one branch of Emmons creek in 

Sec. 35, T. 10 S., R. 9 E. flows down a large structural trough 

in the east flank of the dome. Other large structural troughs 

in the north and east flanks of the dome are not conformable 

with topography. 

The Zeandale dome is primarily responsible for the relatively 

low altitude of the area compared with the surrounding bluffs. 

The resistant middle Wolfcampian cherty limestones were eroded 

first from the apex of the dome and subsequent erosion proceeded 

at a more rapid rate in the less resistant limestones and thick 

shales of the lower Wolfcampian and upper Virgilian series. A 

temporary reduction in the pace of erosion was probably produced 

by the uncovering of the Tarkio limestone, the uppermost thick 

resistant limestone of the rocks outcropping in the area. A 

nickpoint was developed in Deep creek at Pillsbury Crossing 

(Plate VIII in appendix) where it flows over the resistant 

Elmont limestone and from there to a point about l miles up- 

stream the stream is aggrading rather than degrading. 

The Zeandale dome is responsible for the outcrop of Penn- 

sylvanian rocks bordered by Permian rocks on the south, east and 



EXPLANATION OF PLATE V 

A panoramic view of inclined strata on the 
west flank of the Zeandale Dome taken from 
the NW corner, See.30, T. 10 S., R. 9 E., 
looking south. 



PLATE V 
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west. Outcrop distribution of the Tarkio limestone is partly 

related to the dome. A nearly continuous, prominent escarp- 

ment formed by the Tarkio limestone borders the dome on the 

north, east and west. The relatively steep dip on the west 

flank of the dome causes the Tarkio limestone to dip under the 

Deep Creek alluvial blanket in a relatively short distance. 

On the gently dipping east flank the Tarkio limestone contains 

:Emmons Creek between two escarpments. The Tarkio limestone 

outcrop band is about one mile wide on the west flank of the 

dome and about two miles wide on the east, 

DISCUSSION 

Other geologic features which might be expected in a surface 

domal structure were considered in an attempt to interpret the 

origin and history of the Zeandale Dome. 

Thinning of formations over the apex of the dome might give 

some clue as to the geologic time of its origin. Unfortunately 

no sedimentary rocks outcrop close to the inferred crest of the 

dome. Thickness of the Willard shale was measured in several 

locations on the north, east and west flanks but no uniform 

thickening or thinning trend was noted. The thickness of the 

Willard shale amounts to only three tenths of one per cent 

(0.003) of the total thickness of the sediments overlying the 

granite dome. If thinning over the crest of the dome were dis- 

tributed evenly throughout the 1000 feet of sediments over1yinrr. 

the granite a total thinning of over 300 feet would be required 
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to produce one foot of thinning in the Willard shale. 

The channels developed on the Pennsylvanian surface in the 

area might have been structurally controlled. Outcrops of the 

Indian Cave sandstone, which now fills these channels, are 

limited and discontinuous and the channels could not be mapped. 

It was noted that, at its structurally and topographically 

highest outcrop in the NEI, NEL SEi, Sec. 28, T. 10 S., H. 9 E., 

the Indian Cave sandstone overlies the Dover limestone. In its 

structurally and topographically lowest outcrop in the SEi, 

NEL SVii, Sec. 30, T. 10 S., R. 9 E., the Indian Cave sandstone 

overlies the Grandhaven limestone. The Grandhaven limestone is 

about 20 feet stratigraphically higher than the Dover limestone. 

If those channels are assumed to have been about at base level 

at the time of their filling by the Indian Cave sandstone the 

fact that younger formations underlie the Indian Cave sandstone 

on the west than on the east indicates dip to the west at the 

beginning of Permian time. Westward dip in one location does 

not indicate the presence of a dome and might equally well be 

the result of westward dip on the west limb of the Nemaha anti- 

cline. Exposures of the Indian Cave sandstone on the east, 

north and south flanks of the dome which might indicate pre 

Permian dip in those directions could not be found. 

The structural attitude of the Tarkio limestone east of the 

area mapped in detail was determined with a Paulin altimeter from 

the few outcrops available. The east dip away from the crest of 

the Zeandale dome is probably continuous down the east limb of the 
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Nemaha anticline. Relatively steep dip observed affecting 

lower Permian sediments east of the area mapped in the center 

of Sec. 33, T. 10 S., R. 10 E. is assumed to represent the 

sharp increase in dip normally found on the east limb of the 

Nemaha anticline. 

North and south of the area covered by this investigation 

previous surface investigations were consulted. Harned and 

Chelikowsky (1945) mapped the structural attitude of the base 

of the Tarkio limestone along a two mile east-west line about 

three miles northeast of this area. They found the Tarkio 

limestone forming a low anticlinal ridge with three feet of 

closure on its crest at elevation 1073. A syncline trending 

northwest*southeast and plunging northwest between this area 

and Harned and Chelikowskyfs line is suggested. The Kansas 

River flows southeast, updipf in this supposed syncline. 

Bruton (1958) mapped the structural attitude of the Cotton- 

wood limestone in a 15 square mile area southwest of this one. 

Bruton noted dip of 200 feet per mile to the south on the 

Cottonwood limestone in the SW*, See. 18, T. 11 S., R. 9 E. 

This probably represents the southern flank of the Zeandale dome. 

Table 1 contains a summary of the data published on the 

five wells that have been drilled in the area covered by this 

investigation. It may be inferred from this data that the wells 

drilled in the area have penetrated about 1000 feet of alterna- 

ting limestones and shales before penetrating granite. The 

maximum differenco in elevation of the granite in the area 



39 

covered by this investigation has been reported by Koons (1955) 

and Rieb (1950) as 183 feet. All of the wells have been 

drilled on the flanks of the surface expression of the dome. 

If it is assumed that about 1000 feet of pre Tarkio 

sedimentary rocks overlie a granite dome in this area, the 

closure in the structure of the Tarkio limestone could be 

attributed to differential compaction of sediments. Twenty 

per cent compaction of the overlying sediments would produce 

a surface dome with 40 feet of closure 1000 feet above a 

granite dome with 200 feet of closure. Plate VI shows the 

degree of compaction necessary for other granite closure values. 

Blackwelder (1920) showed that in a Permian section, such as 

that at Eldorado, Kansas, 35 per cent compaction during lithie 

fication is possible. 

The structure observed in the surface rocks mieht also 

have been produced by vertical uplift subsequent to deposition. 

Farquhar (1957) stated, 

....On the Nemaha anticline the Precambrian 
rocks and overlying sediments were uplifted, 
exposed, and eroded at the end of Mississippian 
time. The surface that resulted was marked by 
knobs and saddles. Parts remained concealed by 
Pennsylvanian and later rocks, The anticline is 
still tectonically active, and uplift evidently 
has not been completed. 

This area was uplifted as part of the Nemaha anticline but 

some differential uplift is required to produce a tectonic done 

in the area. Differential vertical uplift affectinE, limited areas 

along the axis of the Nemaha anticline probably occured as a part 



EXPLANATION OF PLATE VI 

A graph showing variation in compaction 
per cent and granite relief necessary to 
produce a surface dome with 40 feet of 
closure 1000 feet above the granite floor. 
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of the uplift that produced the Nemaha anticline. Uplift of a 

major structure such as the Nemaha anticline could be the 

combined result of numerous small uplifts over a long period of 

time rather than a single diastrophic movement. Upper Permian 

and younger sedimentary rocks are not present in this area but 

upper Wolfoampian rocks are exposed nearby and are arched up on 

the dome (Plate V). Supposed movement resulting in the doming 

of the overlying rocks is probably in part post Wolfoampian. 

Some clue as to when possible deformation had been completed 

may be gained by considering the present expression of the dome 

with reference to the Mesozoic history of the region. During and 

after, and possibly before, Cretaceous time this region was 

tilted to the northwest. At present the average regional dip of 

the Permian rocks in Riley County is about 14 feet per mile to 

the northwest. The Zeandale dome is slightly steeper on the 

northwest than on the southeast. If Cretaceous tilting is as- 

sumed to have been 14 feet per mile to the northwest, a sym- 

metrical dome in this area would have been tilted into about the 

present attitude of the dome on a northwest-southeast cross section. 

Plate VII shows the effect of tilting a northwest-southeast profile 

across the dome 14 feet per mile to the southeast, thus eliminating 

the influence of Cretaceous tilting. A more symmetrical appearance 

results. The present structure is steepest on the southwest flank. 

A post Pennsylvanian pre Cretaceous (?) age might be suggested for 

possible uplift creating a slightly asymmetrical dome in this area. 

The Zeandale dome is probably the result of differential 



EXPLANATION OF PLATE VII 

Fig. 1. A diagrammatic northwest-southeast 
structural profile across the 
Zeandale dome on the top of the 
Tarkio limestone. 

Fig. 2. The same profile as Fig. 1 tilted 
14 feet per mile to the southeast 
showing the pre-Cretaceous more 
symmetrical appearance of the dome. 
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compaction of sediments over a granite dome emphasized by up- 

lift contemporaneous with deposition, and post depositional 

deformation and uplift. If a granite hill were present in this 

area as a result of the erosion of the Mississippian surface 

following the major uplift of the Nemaha anticline, any further 

regional or local uplift would promote the formation of a sedi- 

mentary dome over the granite hill. Local differential uplift 

would, (1) arch sediments deposited previous to the uplift, (2) 

cause thinning over the crest of the dome in sediments deposited 

contemporaneously with the uplift, and (3) increase the effect 

of differential compaction on sediments deposited after the up- 

lift. Regional uplift of the Nemaha anticline in the Penn,- 

sylvanian period would cause thinning of the Pennsylvanian sedi- 

ments over the crest of the dome. If regional uplift were 

intermittent or proceeded at a slower rate than deposition, the 

effect of the granite hill on the thickness of the overlying 

sediments would be progressively less as it became more deeply 

buried. The absence of thinning in the Willard shale over the 

crest of the dome should not be interpreted as meaning that all 

uplift was post Pennsylvanian. 

CONCLUSION 

A part of the Zeandale dome has been mapped in the area 

covered by this investigation. The crest of the dome is 

believed to lie near the center of the area in the south half 

of Sec. 34, T. 10 ., R. 9 E.. Thirty to forty feet of surface 
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closure has been mapped around the apex of the dome but it is 

believed that somewhat greater closure is present on the entire 

structure. 

The Zeandale Dome is a local "high" on the axis of the 

regional Nemaha anticline. 

Surface data has not revealed the precise age and origin 

of the Zeandale Dome. It is believed to be the result of 

differential compaction of sediments over an anomaly in the 

granite surface emphasized by post Mississippian pre Cretaceous 

(?) uplift associated with the Nemaha anticline. 



47 

ACKNOWLEDGICNT 

The writer wishes to thank Dr. Claude 4. Shenkel for 

suggesting the problem, assistance in the preparation of this 

manuscript, and for his personal advice. 

The writer also extends thanks to Mr. Robert D. Seibel 

for assistance in mapping with the plane table and alidade. 



48 

LITERATURE CITED 

Beck, H. V. 
The Quaternary geology of Riley County, Kansas. Unpublished 
Masters thesis, Kansas State College, Manhattan, Kansas. 
1949. 

Blackwelder, E. 
The origin of the central Kansas oil domes. Amer. Assoc. 
Petroleum Geol., Bul. 089-94. 1920. 

Bruton, R. Lb 
The geology of a fault area in southeast Riley County, Kansas. 
Unpublished Masters thesis, Kansas State College, Manhattan, 
Kansas. 1958. 

Farquhar, O. C. 
The Precambrian rooks of Kansas. State Geol. Survey of 
Kansas, Bul, 127, Part 3:53-122. 1957. 

Frye, J. C. and A. B. Leonard. 
Pleistocene geology in Kansas. State Geol. Survey of Kansas, 
Bul, 99:7.144. 1952. 

Hamad, G. H. and J. R. Chelikowsky. 
The stratigraphic range of the Pennsylvanian-Permian discon- 
formity in Pottawatomie County, Kansas. Trans. Kansas Acad. 
Sci.,'Vol. 48, No. 3:355-358. 1945. 

Haworth, E. 
On Crystalline rocks in Kansas. State Geol. Survey of 
Kansas, Bul. 2:1-33. 1915. 

Jewett, J. M. 
The geology of Riley and Geary counties. State Geol. Survey 

of Kansas, Bul. 39:13-153. 1941. 

Geologic structures in Kansas. State Geol. Survey of Kansas, 
Bul. 90, Part 6. 1951. 

Oil and gas in eastern Kansas. State Geol. Survey of Kansas, 
Bul. 104:1-397. 1954. 

Koons, D. L. 
Faulting as a possible orlain for the formation of the Nemaha 
anticline. Unpublished Masters thesis, Kansas State College, 
Manhattan, Kansas. 1)55. 



Kotoyantz, A. A. 
Geologic factors influencing oil production in Wabaunsee 
County. Unpublished Masters thesis, Kansas State Collage, 
Manhattan, Kansas. 1956, 

Lee, W. 
The stratigraphy and structural development of the Salina 
basin. State Geol. Survey of Kansas, Bul. 121:9-163. 1956. 

Moore, R. C. and W. P. Haynes. 
Oil and gas resources of Kansas. State Geol. Survey of 
Kansas, Bul. 3:1-391. 1917. 

Moore, R. C. and others. 
The Kansas rock column. State Geol. Survey of Kansas, Bul. 
89:7-63. 1951. 

Mudge, M. R. 
The pre-Quaternary stratigraphy of Riley County, Kansas. 
Unpublished Masters thesis, Kansas State College, Manhattan, 
Kansas. 1949. 

Neff A. W. 
A study of the fracture pattern of Riley County, Kansas. 
Unpublished Masters thesis, Kansas State College, Manhattan, 
Kansas. 1949. 

Nelson, P. D. 
The reflection of the basement complex in the surface 
structures of the Marshall-Riley county area of Kansas. 
Unpublished Masters thesis, Kansas State College, Manhattan, 
Kansas. 1952. 

Ratcliff, G. A. 
Surface structure on the east flank of the Ncmaha anti lino 
in northeast Pottawatomie County, Kansas. Unpublished 
Masters thesis, Kansas State College, Manhattan, Kansas. 
1957. 

Rieb, S. L. 
Structural geology of the Nemaha ridge in kLansas. Unpublished 
Masters thesis, Kansas State College, Manhattan, Kansas. 1954. 

Smith, R. K. and E. L. Anders, Jr. 
The geology of the Davis Ranch oil pool, Viabaunsee County, 
Kansas. State Geol. Survey. of Kansas, Bul. 90, Part 2:16-52. 
1951. 



50 

APPENDIX 



51 

MEASURED SECTIOS 

(1) SW*, N6 V Sec. 27, T. 10 3., R. 9 E. 

Maple Hill limestone 

1 foot limestone, hard; gray-brown, 
weathers tan; massive; crinoid 
columnals, fusulinids, brachiopods. 

Pierson Point shale 

14.8 feet shale, calcareous; tan to gray. 
weathers orange; non-fossiliferous. 

Tarkio limestone 

6.0 feet 

6.o feet 

Willard shale 

28 feet 

Elmont limestone 

2 feet 

Harvoyville shale 

18 feet 

Reading limestone 

2 feet 

limestone, hard; brown, weathers 
light brown; massive; fusulinids 
and fossil fragments; not a promi- 
nent bench. 

limestone, hard; tan, weathers 
brown; weathers in large irregular 
blocks and slabs; fusulinids large 
and stand out prominently in lower 
part, upper three feet non-fossil- 
iferous; makes a prominent bench. 

shale, non calcareous; light green, 
weathers yellow green; non-fossil- 
iferous. 

limestone, hard; blue-gray, 
weathers buff to reddish-brown; 
fusulinids and fossil fragments 
abundant, fucoidal markings. 

shale; gray-green; mostly covered. 

limestone, hard; blue-ray, weathers 
gray; fossil fragments abundant. 
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Auburn shale 

I. feet shale; dark gray, weathers gray; 
base covered. 

(2) SE*, NEi, Sec. 5, T. 11 S., R. 9 E. 

Grand haven limestone 

3 feet limestone, soft; gray, weathers 
brown; weathers flaggy; crinoids 
and fusulinids abundant. 

41 feet 

Tarkio limestone 

3 feet 

covered interval. 

limestone, hard; light gray, 
weathers brown; massive; white 
fusulinids weather level with 
matrix. 

(3) NWi, NE/4 SWi, Sec. 32, T. 10 S., R. 9 E 

Dover limestone 

3 feet limestone, basal part hard, grades 
upward into soft shaly limestone; 
gray, weathers light gray; fusuli» 
aids, brachiopods, and fossil 
fragments abundant. 

Langdon shale 

8.5 feet 

Maple Hill limestone 

1.8 feet 

Pierson Point shale 

shale* calcareous; gray-green, 
weathers liht green; non-fossil- 
iferous. 

limestone, hard; gray-brown, 
weathers tan; weathers to irregu- 
lar upper surface; fusulinids and 
fossil fragments common. 

13.0 feet shale, calcareous; light gray, 
weathers tan; non-fossil iferous. 
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()}.) NE11 SEi, Sec. 28, T. 10 S., R. 9 R. 

Grandhaven limestone 

.7 feet limestone, soft; light gray; 
massive; weathers smooth; chonetes, 
fusulinids, crinoids. 

2.1 feet shale, non calcareous; gray, 
weathers light gray-green; non- 
fossiliferous. 

1.9 feet limestone, hard; brown, weathers 
light brown; weathers to irregular 
sharp pieces; crinoids, brachiopods. 

E5) $Wi, SEi, sec. 5, T. 11 S., R. 9 E. 

Grandhaven limestone (incomplete) 

1.5 feet 

Dry shale 

10.5 feet 

limestone, hard; t!-Tay, weathers 
tan; massive; weathers in blocks 
and slabs; ohonetes, fusulinids 
and crinoids abundant. 

shale, calcareous; gray; nen* 
fossiliferous; grades into under- 
lying Dover limestone. 

(6) SEL NEi, SW , Sec. 30, T. 10 S., R. 9 E. 

-Five Point, limestone 

2 feet limestone, hard; gray; thin bedded; 
weathers platy. 

3 feet limestone, hard; gray; massive; 
weathers blocky, forms bench, 
large blocks slumped down slope. 

West Branch shale 

20 feet covered Interval. 



Falls City limestone 

3 feet 

40 feet 

Indian Cave sandstone 

41.5 feet 

514. 

limestone, soft, porous; gray; 
very poor exposure, mostly loose 
pieces. 

covered interval. 

sandstone, loosely cemented; brown; 
thin bedded and cross bedded; fine 
grained quartz, micaceous flecks. 

17 feet covered interval. 

Grandhaven limestone (incomplete) 

1.0 feet 

(7) NWe. 

limestone, hard; brown; massive; 
weathers to irregular knobs; 
fusulinids and fossil fragments. 

Sec. 9, T. 11 S., R. 9 E. 

Jim Creek limestone 

1.1 feet limestone, hard; blue-gray, weathers 
gray-brown; brachiopods. 

Friedrich shale 

8 feet shale, non-calcareous; gray-green, 
weathers tan; non-fossiliferous. 

4 feet covered interval. 

Grandhaven limestone (incomplete) 

2 feet limestone, hard; gray, weathers 
brown; massive; weathers to irregular 
slabs; fusulinids and fossil frag- 
ments. 

(8) Sec. 31, T. 10 S., R. 9 E. 

Aspinwall limestone 

1.1 feet limestone, hard; gray; massive, 
weathers blocky; argillaceous lenses; 
crinoids and fossil fragments. 
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Towle shale 

7 feet shale, calcareous; brown, weathers 
tan. 

Brownville limestone 

2 feet 

Pony Creek shale 

7 feet 

Caneyville limestone 

1.5 feet 

limestone, soft; tan; weathers 
gray; chonetes and other brachio- 
pods abundant. 

shale; tan; mostly covered. 

limestone, hard; tan, weathers light 
brown; massive; fossil fragments 
abundant. 

7 feet shale, calcareous; gray, weathers 
tan; fossiliferous; partly covered. 

French Creek shale (incomplete) 

21 feet shale, non-calcareous; gray, 
weathers tan; non-fossiliferous; 
partly covered. 

(9) SW*, SE*, NW-, Sec. 9, T. 11 S., R. 9 E. 

Falls City limestone 

4.0 feet limestone with thin shaly partinpA, 
soft; tan; porous; brachiopods. 

Hawxby shale 

24.4 feet shale, calcareous; blue -gray to 
brown, weathers tan; numerous thin 
fossiliferous limestone lenses; 
shale non-fossiliferous. 

(10) SE*, NW*, SW*4 Sec. 30, T. 10 S., R. 9 E. 

Americus limestone (incomplete) 

1.0 feet limestone, hard; blue-gray, weathers 
gray; crinoid columnals and fossil 
fragments abundant. 



Hamlin shale 

35.0 feet 

5.0 feet 

Five Point limestone 

covered interval. 

shale, calcareous; gray-green, 
weathers light green; non-fossil- 
iferous. 
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2.0 feet limestone, hard; gray; thin bedded; 
weathers in slabs. 

3.0 feet limestone, hard; gray; massive; 
weathers blocky; brachiopods; makes 
bench. 

West Branch shale (incomplete) 

11 feet shale, calcareous; gray, weathers 
tan; nonfossiliferous; base 
covered. 



PLATE VIII 

Geologic map of an area 
in southeast Riley County 
and northw st Wabaunsee 
County, Ka sas (In Pocket) 
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PLATE IX 

Structural contour map of 
an area in southeast Riley 
County and orthwest Vabaunsee 
County, Kansas. (In Pocket) 



RANGE RANGE 
8 EAST 9 EAST 

TOWNSHIP 
10 SOUTH 

X 
TOWNSHIP 
II SOUTH 

6 

RANGE RANGE 
8 EAST 9 EAST 

1/2 

STRUCTURE CONTOUR MAP OF AN AREA IN 

SOUTHEAST RILEY COUNTY AND 

SCALE 000 

2 

1/2 

29 

32 

ASE FRA,44442,,,,WL SURVEY 

CONTOUR INTERVAL 10 FEET 
DATUM IS MEAN SEA LEVEL 

1959 

LE 

F-1 
ZEANDALE 

9 

NORTHWEST WABAUNSEE COUNTY, KANSAS 

1070 

/080 

-1090 

1100 

10 

1080 

II 

grWe " 

ei(2° 

cvpoxlNATe 
CECLINATI N, n:" 

RANGE RANGE 
9 EAST 10 EAST 

-.0 "0 

703A9A 
171 7 

-JO). 

PiltL OL/A, 
1080 

25 

36 

TOWNSHIP 
10 SOUTH 

TOWNSHIP 
II SOUTH 

RANGE RANGE 
9 EAST 10 EAST 

CONTOURS ON TOP OF 

TARRIO LIMESTONE 

DASHED CONTOUR LINES 
INDICATE INADEQUATE 
CONTROL 



PLAT X 

Cross sec Ition (In Pocket) 
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This investigation covers an area of about 20 square miles 

in southeast Riley County and northwest Wabaunsee County, Kansas. 

The apex of the Zeandale dome, an uplift on the Nemaha anticline, 

is thought to be near the conter of this area. The subsurface 

expression of the Zeandale dome has been mapped by numerous 

geologists. The purpose of this investigation is to map and 

describe the surface expression of the Zeandale dome. 

A general reconnaissance was made of an area of about 40 

square miles centered on the supposed crest of the Zeandale dome. 

Relatively steeply tilted Permian strata west of the area mapped 

in detail is believed to lie on the west flank of the dome. 

Seven normal faults trending northeast one to five miles south- 

west of the area are believed to be parallel to the southwest 

flank of the Zeandale dome and related to it in origin. The 

Zeandale dome is responsible for the Pennsylvanian outcrops in 

Riley County and northwest Wabaunsee County, and may exert some 

control on the drainage patterns of the area. General recon- 

naissance with a Paulin altimeter revealed a probable continua- 

tion of the east dip of the Zeandale dome on the east limb of 

the Nemaha anticline. 

In the area investigated in detail sedimentary outcrops 

were identified and measured and their elevations relative to 

sea level were determined with a plane table and alidade. A 

structural contour map on the top of the Tarkio limestone, a 

geologic map, and a geologic cross section were prepared from 

the data thus obtained. 
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Although this area does not cover the entire surface 

expression of the Zeandale dome about 40 feet of closure was 

mapped on the dome. The part of the Zeandale dome revealed by 

this investigation is asymmetrical, slightly steeper on the west 

and southwest flanks, irregular in outline, and shows no pro- 

nounced elongation. Sedimentary rocks covering the dome show no 

evidence of thinning over the crest and no faults were found in 

the area mapped. The Zeandale dome is apparently a local "high" 

superimposed on the axis of the Nemaha anticline. 

The surface expression of the Zeandale dome is believed to 

have been formed by combined differential compaction of Pennsyl- 

vanian sediments over a granite hill, and local and regional post 

Mississippian uplift, followed by Cretaceous westward tilting. 


